Incorporating Explicitly Treated Surface Water Produces Better Alignments Between Experimental and Predicted Anisotropic B-Factors  by Zhou, Lei & Liu, Qinglian
664a Wednesday, February 19, 2014protein-solvent many-body correlation plays essential roles in the protein-
folding mechanism [1], sugar-induced enhancement of the thermal stability
[2], and pressure [3] and cold [4] denaturating of a protein. Here we revisit
the roles of the many-body correlation in a variety of folding/unfolding pro-
cesses to investigate the effects of solvent models on the contributions from
the pair and many-body correlations to the solvent-entropy change upon a pro-
tein structural transition. We employ the two models of one-component sol-
vent: a multipolar model for water and a hard-sphere solvent where the
number density and the molecular diameter are set at those of water. In the
model water the contribution from the many-body correlation is substantially
larger than that from the pair one, whereas in the hard-sphere solvent the
many-body correlation makes only a much smaller contribution. This result
suggests that solvent-solvent interactions such as hydrogen bonds have large
effects on the relative contributions from the two correlations. In the hard-
sphere solvent, the native structure remains the most stable even at low temper-
atures and the swelling (i.e., pressure-denatured) structure is more stable than
the native structure even at normal pressure. However, in the binary mixture
of hard spheres with high packing fractions, which we have employed for
investigating the sugar-induced enhancement, the many-body correlation
makes a suitably large contribution.
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Recently, we have elaborated a thermodynamical theory that could coherently
interpret the apparently diverse effects of Hofmeister ions on proteins, based on
a single physical parameter, the protein-water interfacial tension (De´r et al.,
Journal of Physical Chemistry B. 2007, 111, 5344-5350). This theory, implying
a sort of "liquid drop model", predicts changes in protein conformational fluc-
tuations upon addition of Hofmeister salts (containing either kosmotropic or
chaotropic anions) to the medium.
Despite the success of the theory in describing the diversity of Hofmeister phe-
nomena, a direct evidence for salt-induced changes of protein-water interfacial
tension correlated with the Hofmeister series has been still missing, because of
technical difficulties. In the framework of the present study, we addressed this
point by a molecular dynamics (MD) approach. MD calculations on the
temperature-induced unfolding of Tryptophan cage miniprotein were per-
formed, using explicit water molecules to model the surroundings of the pro-
tein. Changes of the protein structure and dynamics upon increasing the
ambient temperature were monitored in the presence and absence of typical
kosmotropic and chaotropic salts. It was established that salt ions change the
level of conformational fluctuations of the miniprotein according to their posi-
tion in the Hofmeister series. From equlibrium fluctuations of the solvent acces-
sible surface area of the protein, the mean value of protein-water interfacial
tension was determined. The results present a strong evidence for the central
role of fluctuations and solute-water interfacial tension in protein-related Hof-
meister phenomena.
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Bulk water mobility is mainly determined by hydrogen bonds to neighboring
water molecules. Mobility of confined water may be very different, espe-
cially when the hydrogen bonds are scarcely formed inside a protein and/
or are geometrically distorted due to the position of the amino acids. Here
we assessed intra-proteinaceous water mobility in terms of the water diffu-
sion coefficient D by exploiting the fact that D governs the unitary perme-
ability pf of water channels [1]. We measured the per-channel increment in
proteoliposome water permeability [2], which was determined in a broad
range of channel concentrations by the aid of stopped-flow experiments.
Via fluorescence correlation spectroscopy, both the number of proteolipo-
somes and the number of protein-containing micelles were counted after sol-
ubilization, providing the number of reconstituted fluorescently labeledhuman aquaporin-1, bacterial aquaporin-Z, or bacterial aquaglyceroporin
GlpF per proteoliposome. For all three proteins, pf exceeded previous esti-
mates by more than an order of magnitude indicating that the intra-
proteinaceous D is much larger than D of bulk water. The result suggests
that in silico modeling of confined water may be more challenging than
thus far imagined.
[1] Saparov et al. Phys.Rev.Lett. 96 (14):148101, 2006.
[2] Hoomann et al. Proc.Natl.Acad.Sci.U.S.A. 110 (26):10842-10847, 2013.
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Dyneins are large microtubule motor proteins that play important roles in
various biological movements. Cytoplasmic dynein is responsible for cell di-
vision, cell migration and other basic cellular functions. The motor domain
of dynein consists of a ring-shaped six ATPases called AAAþ modules.
Recently, ADP-bound high-resolution structures of cytoplasmic dynein
have revealed the organization of the motor domain that comprises the
AAAþ ring, the linker, stalk/strut and C sequence (PDB IDs = 3vkh and
3vkg). However, the high-resolution structure of an ATP-bound dynein re-
mains unclear. Here, we carried out molecular dynamics (MD) simulations
of both ADP and ATP-bound forms to examine their structures and dy-
namics. We built initial structures for MD as following. A high resolution
structure (3vkg), which is a truncation mutant, was chosen. Then, we
modeled missing residues and added a truncated domain from the wild
type structure (3vkh). Four ADP molecules were placed to their original po-
sitions in the ADP bound form. One of ADP molecules in the AAA1 module,
which is important for dynein function, was replaced to ATP in the ATP-
bound form. A rectangular water box was placed around dynein. Finally,
the systems consisted of approximately one million atoms. Electrostatic in-
teractions were treated with the zero-dipole summation method, and their
computations were accelerated by using GPGPUs. We carried out 200-ns
MD simulation in each form, and investigated the effect of ATP on the struc-
ture and dynamics of dynein by comparing the trajectories between the ADP-
and ATP-bound forms. The stalk of the ATP-bound form was more flexible
than that of ADP-boud form. We observed directional fluctuation in the
N-terminal subdomain of linker of the ATP-bound form. Interestingly, it
coupled with the stalk motion along microtuble axis by principal component
analysis for the MD trajectory.
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X-ray crystallography has been the gold standard for the determination of
protein structures. Other than providing the definition of the positions for
each atom, it also yields information on protein dynamics but this aspect
has been under appreciated. The B-factors in high-resolution structures are
anisotropic and reflect not only the amplitude but also the direction of the
atomic vibrations. This trove of information on protein dynamics presented
by experimental anisotropic B-factors (or anisotropic displacement param-
eter, ADP) is invaluable for the study of the intriguing relationship among
structure, dynamics, and function. Here starting from the definition of
atom positions, we apply normal mode analysis (NMA), a computational
approach for studying protein dynamics, to predict the ADPs and then align
them with experimental measurements. We use both coarse-grained NMA
approaches and the NMA based on canonical all-atom force fields. By
comparing the accuracy of these methods, we find that the all-atom NMA
and the NMA based on portioning the all-atom Hessian matrix give the
best results. Moreover, adding a layer of explicitly treated water molecules
on protein surface consistently makes the energy minimized structure closer
to the native structure and improves the accuracy of the ADP results. The
above observations could be attributed to the significant impacts on protein
dynamics by surface water and the intrinsic differences in physical-
chemical properties from bulk water. This study illustrates the importance
of incorporating surface water in the study of protein dynamics and provides
useful information for the emerging technique of ADP-based refinement of
medium-to-low resolution structures.
